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RETICULOCYTOSIS  IN  RATS  AFFECTED  WITH  ANTHRAX  . 


[Following  is  a  translation  of  an  article  by  % 
Lucio  Severini  in  the  Italian-language  Boll. 
Soc.  Ital.  Biol.  Sper.  (Bulletin  of  the  Ital¬ 
ian  Society  for  Experimental  Biology),  Vol  9,. 
1934,  pages  848-851.] 


In  another  paper  (Boll.  Soc.  Ital.  Biol.  Sper.  Vol  9, 
1934,  pages  551  and  555)  I  reported  on  the  behavior  of  the 
granulo-filanentose  substance  in  both  intact  and  splenecto- 
aised  rats. 

This  research  showed  that  the  Increase  in  the  nuaber 
of  reticulocytes  (retlculocytosls)  is  constant  in  splenecto- 
aised  rats,  independent  of  whether  Bartonella  is  present; 
those  rats  having  Bartonella  present  but  with  no  appearance 
of  aneaia,  do  not  show  any  change  in  their  red  blood  cells 
and  the  granulo-filaaentose  substance  reaains  unchanged. 

These  facts  can  be  Interpreted  in  two  ways:’  I.  The 
increase  in  reticulocytes  in  the  splenectoaised  rats  was 
related  to  blood  regenerative  phenoaena  secondary  to  the  de¬ 
struction  of  part  of  the  red  blood  cells;  II.  Or,  adait- 
ting  with  the  aajority  that  Bartonella  have  a  bacterial  na¬ 
ture  (with  certain  reservations  for  soae  forms  of  Bartonella 
see  B.  de  Vecchi,  Athena,  1933,  Vol  104,  pages  2113-2115), 
the  state  of  septiceaia,  itself,  would  be  responsible  for 
stiaulating  the  narrow  and  Inducing  the  reticulocytosis. 

In  other  words,  the  question  cones  up  as  to  whether 
reticulocytosis  in  splenectoaised  rats  is  infectious  or  not. 

A  coaparison  between  the  behavior  of  reticulocytosis 
in  cases  of  Bartonellosis  with  that  of  reticulocytosis  in 
esperiaentally  induced  septiceaia  in  rats  seemed  to  me  to 
bo  able  to  offer  as  a  aatter  of  course  in  a  certain  sense 
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som  clues  to  support  or  disprove  the  ides  that  Bartonello- 
sis  was  infectious  in  nature. 

So  far  as  X  was  able  to  determine,  the  granulo-f ila- 
mentous  substance  has  been  studied  in  human  subjects  only  in 
cases  of  sepsis,  by  J.  Kiroly  (Presse  Med..  1933,  Yol  104, 
pages  2113-2115)  who  investigated  the  quantitative  and  quali¬ 
tative  changes  in  the  reticulocytes  in  puerperal  sepsis  and 
in  acute  peritonitis  during  the  course  of  abscesses  and 
phlegmons.  The  coarse  or  large-granulated  reticulocytes  are 
attributable,  according  to  J.  Kiroly,  to  septic  anemia  as 
long  as  the  heaatopoietic  system  is  in  a  condition  capable 
of  reacting;  when  this  capacity  begins  to  fail,  that  is,  24 
to  48  hours  before  death,  the  older  forms  with  delicate  gran¬ 
ules  would  be  held  to  predominate. 

So  far  as  I  could  find  out,  no  investigator  had  ever 
studied  the  changes  in  the  granulo-f ilamentous  substance  in 
experimentally  induced  septicemia. 

For  the  present  experiments  I  used  white  rats  coming 
from  the  same  Turin  batch  as  those  used  by  me  hi  the  preceding 
research. 

The  microorganism  used  to  induce  the  septicemia  was 
Bacillus  anthracis,  injected  by  the  intraperitonea 1  route 
in  the  amount  of  1/10  of  a  ml.  of  a  24-hr.  broth  culture  me¬ 
dium.  I  injected  12  white  rats  which  died  about  80  hra. 
later  due  to  septicemia  (blood  culture  tested  for  Bacillus 
anthracis  showed  positive) . 

Before  giving  the  injection  1  carried  out  a  morpho¬ 
logical  examination  of  the  blood  and  brought  out  the  granulo- 
filamentous  substance  visibly  by  using  Brilliant  Cresil  Blue 
using  the  technique  of  W.  Ederle  (Klin,  Woch.,  1933,  13.); 
comparison  with  the  findings  obtained  by  me  in  the  previous 
report  showed  that  the  data  obtained  agreed  completely  with 
the  norm. 

On  having  injected  thj  microbes  into  the  nts  I  re¬ 
peated  the  morphological  examination  of  the  blood  and  I  stud¬ 
ied  the  granulo-f ilamentous  substance  at  different  stages. 

This  research  showed:  1)  Considerable,  constant 
anemia  (4,100,000-5,700,000);  2)  Considerable  Increase  in 

the  overall  number  of  reticulocytes  (29-35  per  cent)  and  3) 
Peculiar  qualitative  changes  in  the  reticulocytes,  that  is, 
a  decrease  in  the  number  of  forms  having  large-granule,  gran- 
ulo- filamentous  substance  and  a  corresponding  increase  in 
the  number  of  forms  having  a  delicate-struetared  granulo-f ila- 
mentous  substance.  This  picture  begins  to  take  ahape  even 
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after  only  15  hours  froa  the  time  of  inoculation.  [Mote:  By 
way  of  definition,  the  coarse  or  large-granule  type  granulo- 
filaaentous  substance  is  clustered  together  in  clods  so  close 
to  one  another  that  aost  of  the  red  cell  reaains  covered  or 
there  is  a  single,  and  rarely  a  double,  roughly  defined  bar 
that  covers  about  one  third  of  the  cell.  The  delicately- 
structured  granular  foras,  already  spoken  of  as  "having  deli¬ 
cate  granulations"  in  previous  papers,  have,  here,  in  these 
experiaents  on  septiceaia,  a  new  aspect  which  nevertheless 
is  fully  classifiable  as  the  delicate-granulo-filaaentous 
substance  took  on  the  fora  of  a  densely  packed,  fine  powder 
or  dust;  a  brief  exaaination  could  lead  one  %o  erroneously 
classify  these  foras  aaong  the  types  having  large  granula¬ 
tions  while,  in  fact,  the  structures  involved  are  extreaely 
delicate,  even  though  crowded  together.  This  aorpho logical 
type,  of  a  special  kind,  is  not  found  in  norhal  rats  but  is 
undoubtedly  an  aspect  of  the  basic  type  "wltfe  delicate  gran¬ 
ulations."] 

In  any  case,  the  aneaia  appearing  in  the  rats  affect¬ 
ed  by  carbuncular  septiceaia  is  continuous,  But  not  at  all 
at  a  high  level;  this  is  clearly  shown  by  a' aorpho logical 
exaaination  of  the  blood.  In  view  of  the  nature  of  the  find¬ 
ings  and  based  on  information  obtained  in  other  experiaent- 
ally  Induced  and  spontaneous  infections,  I  would  be  inclined 
to  see  a  direct  relationship  between  the  aneaia  and  the  sep¬ 
sis. 


Interpretation  of  the  reticulocytosis  is  a  sore  dif¬ 
ficult  aatter.  Froa  a  general  standpoint  the  reticulocytosis 
can  be  interpreted  in  various  ways.  1)  Independent  of  any 
toxic- Infectious  causes,  the  aarrow  of  the  bones  responds 
to  the  reaoval  or  destruction  of  a  certain  nuaber  of  red 
cells  by  autoaatically  duaplng  into  the  blood  streaa  a  cor¬ 
responding  nuaber  of  young  red  blood  cells,  rich  in  granulo- 
filaaentous  substance  (reticulocytosis  unrelated  to  any  sep¬ 
sis).  2)  The  toxic  infections  can,  however,  by  stimulating 
the  bone  aarrow,  directly  induce  reticulocytosis  (Klroly), 
a  phenoaenon  of  functional  Irritation  which  can  be  followed 
by  serious  alterations  going  as  far  as  ayelophthisis.  3) 

It  will  readily  be  discernible  that  toxic  infections,  stiau- 
lating  the  aarrow  and  at  the  saae  tlae  producing  a  certain 
destruction  of  red  blood  cells  by  aeans  of  heaolysin,  can 
induce  reticulocytosis  based  on  both  aechanlsas  sectioned 
above. 


In  the  experiaents  reported  by  ae,  due  to  the  fact 
that  the  reticulocytosis  is  auch  wore  intense  than  that  which 
ordinarily  accompanies  aneaia,  it  seeas  to  ae  to  be  Justifi¬ 
able  to  cone id er  the  prospect  that  the  carbunculsr  infection 
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Changes  in  reticulocytes  of  rats  with  septicemia 
due  to  Bacillus  anthracic,  78  hours 
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[Legend]:  a)  Rat  No.;  b)  Red  cells;  c) 
Large  or  coarse  granulated  reticulocytes; 

d)  Coarse,  crowded  together  granulations; 

e)  Granulations  arranged  in  bars;  f)  De¬ 
licately-granulated  reticulocytes;  g)  Fil¬ 
aments  with  tenous  reticulum;  h)  Scarce 
granulations;  1)  Total  percent. 


induces  at  the  sane  tine  a  certain  destruction  of  red  blood 
cells  and  that  it  also  directly  stimulates  the  bone  narrow; 

I  consider  this  interpretation  only  provisionally  in  view  of 
the  absence  of  heaatological  research  in  the  field  of  car- 
buncular  infection  and  the  need  for  other  investigations  in 
the  experiments  being  carried  out  by  me. 

Taking  up  now  the  qualitative  changes  in  the  granulo- 
filamentous  substance,  the  considerable  decrease  in  reticu¬ 
locytes  having  large  granulations  (groups  I  and  IX)  signi¬ 
fies  a  shortage  of  young  reticulocytes  in  the  circulation. 
Correspondingly,  the  high  percentage  of  delicately-struc¬ 
tured  reticulocytes  (groups  III  and  IV)  indicates  an  abun¬ 
dance  of  mature  reticulocytes. 

The  interpretation  proposed  by  J.  Kiroly  does  not 
seem  convincing  to  me,  that  is,  that  the  disappearance  of 
young  reticulocytes  in  cases  of  sepsis  is  related  to  a  de¬ 
crease  in  the  regenerative  potential  of  the  bone  marrow.  If 
such  were  true,  then  changes  of  this  kind  would  apparently 
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have  to  be  accompanied  by  some  quantitative  decrease  in  red 
blood  cells  with  granulo-f ilamentous  substance;  but  such  a 
parallel  set  of  conditions  does  not  exist  so  the  disappear¬ 
ance  or  decrease  in  young  reticulocytes  probably  takes  place 
because  the  organism  attempts  to  speed  up  the  maturation  of 
some  reticulocytes  in  order  to  compensate  for  the  decrease 
in  number  of  red  cells.  _ 

'  -  _ > 

Ifwe  return  at  this  point  to^the  problem  of  Bartonel- 
loais,  and1,  the  interpretation  of ffreticulocytosis  present,  ie 
li,  »eMtin^Hithit  the  reticulocyte  picture  hi  Bartone Ho¬ 
sts  differs  from  that  found  in  carbuncular  sepsis,  with  deli* 
cately-granulated  forms  predominating  in  the  latter  and 
l*rge  or  coarse  granulations  predominating  in  the  former. 

*rtSie mBrtrmt  the  reticulocytosis  present  in  splenecto- 
mised  anemia  is  of  the  leas  mature  type  while  that  present 
in  carbuncular  sepsis  is  of  the  more  nature  type. 

Bartonelle’s  anemia,  then,  does  not  fit  in  completely 
with  the  infectious  anemias,  at  least  with  respect  to  the 
reticulocytes.  <  )  , 

Perugia  University  Institute  of  Pathological  Anatomy. 

Paper  read  at  the  Florenee  Section  Meeting,  S  July 


1934. 


